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(57) Abst ract: A fluorescent probe represented by the following 
tormula (I): w) wherein R^ and R^ each represents hydrogen, a sub- 
stituenl for trapping a proton, metal ion, or active oxygen species, 
etc.; R^ represents a monovalent substituent; R^ and R^ each rep- 
resents hydrogen or halogeno; and R^ represents hydrogen, alkyl- 
carbonyl, or alkylcarbonyloxymelhyl; provided thatR^ R^, and R^ 
are selected in such a combination that (1) before the trapping of, 
e.g.. a proton, R\ R^, and R^ give a substantially high electron den- 
sity to the benzene ring to which they are bonded, in order that the 
compound represented by the formula (I) be substantially nonfluo- 
rescent and that (2) after the trapping of, e.g., a proton, R', R^, and 
R^ substantially reduce the electron density of the benzene ring to 
which they are bonded, in order that the compound resulting from 
the trapping and derived from the compound represented by the formula (1) be substantially highly fluorescent. The fluorescent 
probe has excellent fluorescent properties. 
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(I) 



wo 2004/0051 



PCT/JP2003/008585 



^ » 

v^5o m^n^ —m\:Mm(o'^%-:f^—y' 10-226688 . Mi&om 

^Zf'ci—^ ( a ^<^M wo 01/62755) fi:E(Dnm\^n^^^X\^^o 

U±^-^(D^^mt\^X(Dm'&t\Z.^^m^n^t^X.hf\.X^fz. aindqvist. L., 
etal. , J. Chem. Phys. , 44, 1711-12, 1966) » ^(O X ^ ^l:M^i!)^h. ^^^M 
$^^-CV^o:7y^;^l/^r^ >'M#fr'e«:77^^i/-ir-Y >'©^^#t4^ii7'c^^7'ceVN J: 



1 



wo 2004/0«5l 



PCT/JP20»3/««8585 



t-T^it?^. *^!^f*. •:^'-efeo-C> TIB<^^ (I) : 




(!) 



PCT/JP2003/008585 

v9,<os*ftatt*^ 1.40 v«i-c-fc . - 



wo 2004/005: 




PCT/JP2<M)3/(K>8585 



X''-N-[cH2-CH2-Nlm-4cH2-CH2-Nj- 



n 




wo 2004/005<4^A PCT/JP20U3/008585 



(2) ±iB:/n h^-. ^m^:ti^. jL\tm\^mmm(Dm^m^\-i. ^ (i) -e«$ 
m^^*3-i^^^«^-r5xm^^tf^?fe^5*^e^i-J;^5m*$tt5o -his 

^^bfcfl^ft: ah-^Jfei 1 ~ 8 ) {CoV^-C. ^'ft^-a^il^c^^^^ii^^Mi PET F 

So 

BSlUfi. PET(7)||!£3t:BIS.tJ^:7/V':^l^■fe^>'^^:ov^TPET K:? — 

HOD 2 o<DlH5'l5L^^ bfcHIX'fc Oo 

114 Elf*, •fi^il 5 -X^rnhMc^t^^O NaCl Xfi CaCl^ (Dift^^^^^JJfe^^^fe^'^i^ 

J: S ^^^-fb ^ ^ b /c Igl -e & S o 

Heigt*. pH ^'fb{:i*l'i" 5 ^ -fi?!! 7 -e# btl/fc^b-^-*^ t sodium Green, 



wo 2(M)4/(»(»3! 




PCt/JP20(>3/«(>8585 



tetra (tetramethylammonium) salt <7):^^3S^<^^'ft; tr^ LfcElTffc^o 

(iTKi^i^^^ ^^i-^^ t> fc 5 ) „ 



wo 2004/005! 



m 



PCT/JP20()^/(>08585 



10-226688 H^<2r|B WO 99/51586, 2000-239272 ^^AW.. ffl^^H 

WO 01/62755 fit^^mm-r^^tt^X^ ^fc. ^U^^f — ^n— y>!.%hcO 
^ u :!f (Handbook of Fluorescent Probes and Research Chemicals, Sixth 
edition) 051122^ i:^ J>^4 -r i^^^iy^ J^^ »pM^^> IBl 

tI«R^(^V^-ftt^^3^{«^/55TIB(^^ (A) : 



X2 

Xl-N-(cH2-CH2-Nlsr4cH2-CH2-N| 



n 



(A) 



8 
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X^^X^;^^^ h\^2 -t;°y v^/i^p^ ^yV'S'Cfc^C ti}^B^ UV^o 

^ (B) -e*$tb5^^5t ■• 




(B) 



wo 2«()4/0(>59^P' PCT/JP20()3/008585 

s e c-^'^/l^S. -ryy^/l-^. t e r t v^>^ c tWp^ ^yl^ 

VNT^^n^'^j!^^iV^5#'^l-«> ^^I^^. X«3 

So 

nJ--i7=T ^Cf ' 'if JV—-:/ 7^ 'y( I/' ' ^^i^-fe^/^ (Protective Groups 

in Organic Synthesis). ^ ^) (T. W. Greene) a ^ • r7'f U — • T :/ 

K • 1^:/X • K (John Wiley & Sons, Inc.) (1981 #) fulf. 

^ (I) xn^^^\\^^m\z.^ik-t-^w^^(oKa^mtm%mz. 

R\ R\ :s.t^'R^;5S^•a^■f-;5^^•^:/^om^^^^<^^f#^i^>J:^^^^^>' 

10 



wo 2004/U05S^||^ PCT/JP2()03/()08585 



mm (B3LYP/6-31G(d)) tt^X^ R ':S.t5R t UTfi. 

it^m\^m^^\^m^mix^^ . m^i^-^i^n(om^tm,m^ i . 4 o v&.±x 
m^m^xh 9 ^ m^^^'^^^n(Dmtn^-d^ i . ? o v «? *>;'^#vNm'a-f*^M 
^t^mK^^^xm-<^^^>'m^MM^\^mi^^^^^^^-^^^ ^^-^ (2)atj^*i-^ 
R\ R\ ^t;?R^(7)m^'a-^5iir^ UT}4. m:^i-£^ K^i)^7i^mm^(Dm^\^. 
mx^ t) . ^■a«S'j^*i-^#><^**^^<^^'^^-^' :^^(Dmi\:.mm^ 1.40 ^^xj^t* 

12&.±. $?^b< fipHl 3<^^i^%5iffl-^#So 

11 



I 



wo 2()04/»05<)^^ '^^^ PCT/JP20(l3/<)08585 

m^:^'^>M(Dmi\:.miLt> 1 , 70 tAjix-fcox. m\MM^<^(DW^m^^^^-^ 

■^lymoymitm^f)^ 0 . 20 vi^±^ * u < 0 . . 2 5 Viy.Ji. i^tc:^?^ b < 

pH4. Oi^T. $f*b<}*pH3. 40^{4^^M-e#5o 

^^fiPET (Photoinduced Electron Transfer : 3fe^^ffi^^®) 1^«J:??15&1^ 

tp-fi (p E T K^-) 7!)^^m.'¥-mwi7!)m^.'^^mmm:i^t\f^ 5 t><^-efca„ 
m^-r^'^i^LXh^^i^^y-m^^ (petk-^ — ) (d^^fiju-c^xi^ -^>' 

-e^^o mK.i-t. mmM^m<Dw^m\MFBTizL^v)^yttm^\^x^^. wi 
^ay-et sm-a-ti fc-S/^s, ^>fbm{4i: ^^^-^^ <^^#{-<5V^T^p^^ffl»o^i^ 

12 



wo 20()4/005<;«||||^ PCT/jrP20U3/U08585 

mmtcDRmm^^m^ti^^o mm^—M^^mm^m(Dfk%yvi--y'Km^x 
±m(D^ (B) xm^n^R]t^^&<Dm^^m^'^i^^^tK^<iX. —m 

(a) ±15^ (I) xm^fi^it-km tm^M^i^t^m^'^^jiu. :sLXf (b) 

13 



wo 2004/()(i5^^f PCT/JP20fl3/()08585 

/i^^^'mm.. i^^^mm.. ^=^:ymm.. m^m^^it^(D^mmm.^j:if^mif^:^ 
^mti^xmm^ti^o 
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wo 2004/U05^|||^ . PCT/JP2003/0«8585 

j^ii^Ri2(^_-j^^Sp«^/v^, -flfci^-dM h=¥->S-e&^). R'\ R'^S-TJ^R"' 

^-efcS'fb^j^. fc;5v^^iR^^:s.t;«R'^^5^t5^^:p«^/^«-efcs^b'a-i^^-*5v^x. 
mmm 

mi ■ it^'^cD^^ 
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df-i^^' h>'^Proc. Indian. Acad. Sci. Sect. A., 5 
7, 280 (1963) tc:fB«$tb/c:3^&T"g'^U. #btl.rc=3e-1^> h ^-^r^;? (t 
e r t --f^JV-J:^^^) -vy/V) m^^W- (=3ri^V h ^--TBDMS) t Ufc (J. 
Biol.Chem.,264,14, 8171(1989) )» ^<mJ^^^tLM^\^ 
Mg 109 mg(4. 5 0 mm o 1 ) Atl/s *^>3<^7"-C^JE{- 2 5 

7 7 mg(0. 45 mm o 1 ) L-fcT H F 2 m U^^j^ b-C*n^. 

:3fi^>' h>'-TBDMS . 1 3 7 m g ( 0 . 3 0 0 mm o 1 ) bfcT HF 2 

m 1 {d^jWUT^P^. 1 O^Psm^bfCo ^J^;^?^{C2N HC 1 tK^?^ 10ml 

T*Sfei^UT^*tU^fe@^^#fci (8 7 mg, 4X^9 6%) » 

^H-NMR (300MHz, DMSO) 5 2.00 (3H, s), 7.01 (2H, d, J=9. 15Hz), 7. 10 (2H, 
s), 7.21 (2H, d, J=9. 15Hz), 7.31 (IH, d, J=7. 14Hz). 7. 52 (3H, m) 
MS (El) 302 (r) 

'H-NMR (300MHz, DMSO) 5 1.97 (3H,. s), 2.42 (3H, s), 7.01 (2H, d, J=9. 15Hz), 
7. 10(2H, s), 7.21 (4H, m), 7.34 (IH, s) 
MS (El) 316 (MO 

'H-NMR (300MHz, DMSO) 5 1.95 (3H, s), 2.35 (3H, s), 6.99 (2H, d, J=9. 15Hz), 
7.05(2H, s), 7.12 (IH, s). 7.21 (2H, d, J=9. 15Hz), 7.39 (2H, m) 
MS (El) 316 (M*) 
4 

'H-NMR (300MHz, DMSO) 6 3. 70(3H, s), 7.02 (2H, d, J=9. 20Hz), 7.08 (2H, 

18 



wo 2004/0059j|||^ PCT/JP2003/008585 



s), 7.23(2H. t, J=7.50Hz), 7.34 (4H, m), 7. 68 (IH, m) 
MS (El) 318 (M*) 

^H-NMR (300MHz, DMSO) 8 1.98 (3H, s), 3.86 (3H, s), 6.96 (2H, d, J=9; 15Hz), 
7.03 (3H, m), 7.10 (IH. s). 7.23 (IH, d, J=8.22Hz), 7.28 (2H, d. J=9. 15Hz) 
MS (El) 332 (r) 
^t^l^ 6 

^H-NMR (300MHz, DMSO) 5 2.33 (3H, s), 3.66 (3H, s) . 7.07 (2H, d, J=9. 15Hz), 
7.14 (3H, m), 7.26 (IH. d, J=8. 88Hz) , 7. 42 (IH. d, J=9. 15Hz), 7.48 (IH, d, 
J=8. 88Hz) 
MS (El) 332 (r) 

»H-NMR (300MHz, DMSO) 5 3.70 (3H, s), 3.91 (3H, s), 6.83 (IH, d, J=8.43Hz), 
6.89 (IH. s), 7.06 (2H. d, J=9. 36Hz), 7. 12 (2H, s). 7.26 (IH. d, J=8.43Hz). 
7.47 (2H, d, J=9. 36Hz) 
MS (El) 348 (M*) 

'H-NMR (300MHz, DMSO) 5 3. 64(3H, s), 3.76 (3H, s), 6.96 (IH, s), 7.04 (2H, 
d, J=9. 15Hz), 7. 10 (2H. s) , 7.23 (IH, d, J=9. 15Hz), 7.30 (1H„ d, J=9. 15Hz), 
7. 23 (2H. d. J=9. 15Hz) 
MS (El) 348 (M*) 

m2 

19 
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V) . ^ (D^WX-i-tmhm^i!)^ 1 . 0 0 Y&.TX'i'^miM^^ tfJ:^. 1 . 4 0V 

:^\Z.%^X-&^i^m(DWPii^n.hfhf^. pH 3. A<Dm.'&.0kWfX\-i-. ^^^^ 

1.40 Y'^-rX\t.mt^'^%Xih t> s 1 . 70 V^^JiX-fii^HX^^^Jaf^ 
0. 3<Dm^^Bbfc„ J^.e*5^ pH 3. 4-e(*=3r1^>'Xi/m<^OH^f*:7't3 f;^ 

{b'^#3<^^>'-^>'lt$l5{4<^>HOM03i;^./V-^— :Sr^^^K^?fe(B 3 LYP/6- 
3 1 G(d))l^<3: '9*Je).:mt^3te*^J|X^t<^M#^:7'^ 5^ ^ Uifeio^O^m. 

x^^z.bt^7r^-^Mz.o ^<7)^^i-s<3v>T. ■^mm<D^m.mfi:'^%^ ^ --^wt 

M4 

PET(Photoinduced Electron Transfer: % 

gp-ti (PET F-:^-) 7!}^hm'^^mi!)m^.^ytm%f)m:i 5 v^ 5 t><7)-efe^„ 
z^-^i^nn (PETK^-) \^^w\vx^K.fcm^. ^iy'^>'m<Dmtmmm 

20 



wo 20()4/()059iiB PCT/JP2003/UU8585 



Tfi P E T V) ^mm^ U-C*3 . m#<^5bt^X*{i P E T b >fe < 5 

^ Pi^ 5 1 't4^-e fc § v'/l'Sii^^^E b T V ^ fc JC) . if (D t?;^ ^ 

Srf^ffX^So ^UX.^c^J: ^Jfcm^fe^o — >^{ci*3V>-C. 

21 
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:3?^-^^:/^V^ Proc. Indian. Acad. Sci. Sect. A., 57, 280 (1963)}C|B^$ 
ttfc^&T-a-^ h^^^i^ ( t e r t -^'^/Wv^t^ ^/l^v- U /P) 

^^^jjcCdrif^- b:/-TBDMS) i: Ufd (J. Biol. Chem. , 264, 14, 817l(l989))„ 

4-p{^/V';^?-^=— 71^ 3. 5 g (28 mmol) ^ 100 luL (Di^^ u X2 :^ ^ Z^iZ^Ml^X 
-10''C--0°C(Dm.7Km±KXmW\^. 5 g 01 mmol) 20 mL n n ^ 

maT^=^/i^ify'm7ic.mm. mamt'rhv^j>^7^wm (^loomD -esfcv\^ 

IK^?)^iEE?g*U-CSfe®^<lr#fc(4. Ig. J|X^71%)c 

i^Aci— h?i^^Wtr#vtfc-^;^=3/^v<i>-(:: 4-7'n^-5-7«^7^;«7v"r3— /i^ i.o 

g(4. 9 mmol)^ T h ^ =^'f'^>'^ V v?-p- h Ix— b 2. 5 g (5.0 mmol). 

:7 yit^i^^J>^ 5 g (33 mmol). T-feh^MJ/V- 100 mL T/W-=^^^^ffl 
^TT- go'C-e 20 B#FBWP^51i5tDUfCo RJtM^m&M^L^. +53-^=fc*<^@t^^^ 

4->^n ^-5-7« ^/I^^^'^^-IS-^ ^ ^ >'-5-3i— 7^71- 1. 9 g %#fc„ NH D ;«7 ^/U 

^jj^.^u-^h^j^^ — mn^^i^ ■ @t^^^>'^/^ ^ — /u=2o/i (v/v) ) -ej^^ 

bTe#.@i*:^#fc(0.60 g. W34%) 

T/v=f:/#H^T-eJ; <^j!tU/c^lI=/^-<>-t- 15 mL 2-;;< ^/Wt" b7t K 
d:?^ Vld^^f bfc 4-::^'n^-5-7«^>'l'^>'>^-15-^7!J'>'-5-^— r>'V 150 mg 
(0. 415 mmol) ^T^fh.mi^^m/^ y ^ lym^X-^-150''CKXmW\^fd. 54. 
t-^^/H; ^!j7A/n-^V^>-^|^ 1 mL(l. 54 mmoD^v^o < iJ^tiTbfco 
30 ^i-^t^U:^^. 3 mL O 2-p< ^7^7" h ^ t Kn :7 ^ ^{31^^ U^c^i^>' b 
TBDMS 190 mg (0.416 mmol) ^^^o < !9?iTbfCo 1 B#Kjt# bfc#. 2N :^ 



22 



wo 20(»4/0()5: 



m 



m 



PCT/JP2003/0»8585 



^;{7 ^ A a h i5^^ :7 ^ — (^m^^ : ^ n t3 y — /l^lS/l (v/v) ) 



^ H-NMR(CDCl3. 300MHz) 
A=1.95ppm (s,3H,a) 

3.8-4.2 (m,16H.b) 

6.66 (s,1H,c) 

6.86 (s.1H,d) 

6.91 (dd,2H,e,Jef=1.92) 

7.05 (d.2H,f) 

7.31 (d,2H,g,Jeg=9.24) 
MS(FAB) 492(MH *) 




me 

^ K (0. 03%) ^^mB tVX NaCl Xn CaClg ^"^tf pH 9 (Dyk^^'^XM:^ UfCo 





Ca^^ 


Na* 


3M 


0. 295 


0. 043 


0. IM 


0. 02 


0.03 



m 5 (Dit^m 0. 5/iM) Ov^^ 5^yl-7i>/VAT 3: Y^W.^ NaCl Xfi CaClz 
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2,7- ^ n n h ^ J.Chenu Sci. ^oW, 3982 (1955) ^ 

Proc. Indian. Acad. Sci. Sect. A , 57, 280 (1963) RTJ« J. Biol. Chem. , 264, 14, 8171 
(1989) \z:mm.^irbfc:f7mX-^^V. nhflfc 2, l—J^ n n ^-f-l^ hl^^^J (tert- 
:f^/i^-J;^ y /V-) ^m.W- (2, 7—:^i5^ a n dri^- >'h:/-TBDMS)^ L/c„ 

n 17 ^ >-{C^^?L.fc 4-:7'n^-5-;^ ^/V^>^y'-15-i^ ^ ^--B-^i— r-^l^ 150 mg 

(0.415 mmol) ^Atl.. I^ft:^^/'^ V-O-tJ^ >'?g4'T-,1^-150°C{CTmr#bfc„ 
1. 54M O t-^'^/l^ y ^ !J7 Jn/h-^ >- ^ l^^m ImL (1. 54nnnol) ^^^<^ t b 
fco 30 bfc^. 3mL «^ 2-7< ^/^7^ h 7 t Ku >^ ^ ^-l^l^jii^ bfc 2. 7-v?^ o 

h>'-TBDMS 190mg (0. 416mmol) ^v^o < 9 t^^TL lfco 1 NF^it^ 

Lfcm. 2N mmTkmm^mx. 8ot:-e i B#ra.tni^bfc„ ^j^m^ub^^x^. n 

h^v:7^ — (^titS^IK : iy^ n a7« i5^>/7< — /1^7/l(v/v))lC-r*tMb. 
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^H-NMR(CDC|3.300MH2) 
A=1.94ppm (s,3H,a) 
3.6-4.2 (m.16H.b) 

6.26 (s,2H,c) 
6.81 (s,2H,d) 
6.84 (s,1H.e) 
7.04 (s,1H,f) 
MS(FAB)583 (MNa 

585(M+2Na*) 



^J8 

l^'A^^IPNF<7)S!l^{iv?7<^/^7^^/^AT5: K (o. i%) ^^wmtx^x. m^<D^^ 

(D^^^mW.'TY]) ^J>'. iii±^^^-^i^^^iX!>i^^-^f> pH7. 5 0.2M h P 
mMW.^^yyr^^-^> ;?7 U l>A^;!jp^<DilI^£fii^7«5^/^:^/^^T^ K (0.1%) 

^^mm t UT. <D^m.(om\:.^ ^-^t? ph?. 5 o. 2m h y ^ -mm. 

JSIj^^feS 492nm, ^^^SS SlSnm. -fiRI 7 ■T^#e>;^^f^:>fk'^<^{^:oV^Tf«^^SS 
504nm. 524nm T-glJ.^ bfCo W^^^-^W. 5 ElC^-To ^K^^^-J: ^tl 
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^w-m^-^m (mM) 


Na* 


r 




m 5 (Dit^!^ 


0. 31 


0. 25 




m 7 (D^t^m 


0. 32 


0. 41 





pH ^ -ft tei *|- i" 5 #il 7 -C #^ tb -fb -a- «^ t Sodium Green. 
tetra(tetramethylammonium)salt {^U^ a-^—Zfn—zfW) <^^3l&3S-^<^i^'fb 
^irV]) -t^^^T-^m^f^o a'J^fii^P^5^^^*^^^i^T5 F (0.1%) ^^m^h 
UT ^ SOOmM (O'^mM^-r V )) ^-g-tf S>«r <7) pH <D 0. 2M :^ - U ^'^/•'^ 5/ 
:77' — cf3-e, 'eni7-e#fetLfC'fb'^«^}c:oV>TfiMljg?^iB:504nm, 522nm, 
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